Service learning is a teaching method that incorporates community engagement into the curriculum of a course. Service learning is becoming increasingly popular on college campuses and across disciplines. Studies have shown many benefits to service learning for the students and the community they serve. Service learning has been incorporated into science courses, including microbiology. This review will address the benefits to service learning and provide an overview of the various types of service-learning projects that have been completed in microbiology courses.
INTRODUCTION
Service learning (SL) is a teaching technique that allows students to combine the academic curriculum with community engagement and outreach (Esson and Stevens-Truss 2005) . The use of SL on college campuses is becoming more popular and widespread. SL is a unique method that allows students to take information learned in the classroom and use it to serve their community. This type of service project is directly linked to the academic curriculum and is a positive learning experience. SL involves reflection and engagement before and/or after the project. This reflection differentiates SL projects from standard volunteer projects. Many projects discussed in this review include examples of various reflection practices. SL has been used in a range of subject areas including the sciences. Studies have described many benefits of SL for the undergraduate students, community being served, and the undergraduate institutions hosting the SL projects. This review will focus on the use of SL in science with a detailed look at SL in undergraduate microbiology courses.
SL BENEFITS
SL has been shown to have various benefits for students, academic institutions and community partners. Benefits for undergraduate students participating in SL include improvement in attitudes toward self and learning, academic achievement, social skills and moral reasoning (Celio, Durlak and Dymnicki 2011; Lies et al. 2012) . A meta-analysis of 62 studies outlined the multiple positive outcomes of SL. An interesting finding from this analysis was that the largest impact of SL was determined to be on student academic performance (Celio, Durlak and Dymnicki 2011) . Other studies have also found an increase in student learning resulting from the inclusion of SL in the coursework (Markus, Howard and King 1993; Brubaker and Ostroff 1999; Astin et al. 2000; Esson and Stevens-Truss 2005) . Other benefits to students participating in SL include an increase in attitudes toward self and school, an increase in civic engagement and an increase in social skills (Cartwright 2010; Celio, Durlak and Dymnicki 2011) . Observing firsthand how coursework relates to the real world leads to an increase in engagement from students. An additional benefit to SL is the exposure to career opportunities. By partnering with community partners, students are able to see a variety of careers in their field (Brubaker and Ostroff 1999) . A study by Lies et al. (2012) compared students who had participated in SL with those who had not been involved in SL and found that moral reasoning scores were increased in students after performing SL (Lies et al. 2012) . This additional benefit of SL, an increase in moral reasoning, is perhaps due to the exposure to community service and helping others.
SL also benefits the faculty members and the community partners. Faculty benefit from the time in the community and engagement. Faculty have higher student satisfaction and attitude toward the course when SL is incorporated (Esson and Stevens-Truss 2005) . Community partners also benefit from SL in various ways. In microbiology SL projects, many community partners benefit from education. Many projects aim to educate students or community members about diseases and disease prevention and therefore the community benefits from education and perhaps a reduced risk for disease. Another benefit for community partners is having volunteers serving time helping to organize or staff clinics or events. SL projects involving research benefit the community by simply providing manpower to conduct the research and the results of the research also indirectly benefit the community by making new discoveries that potentially lead to less disease or better treatments. The needs of the community partners and the potential benefits to the community should be considered when SL projects are designed.
While SL offers many benefits to students, the community and academic institutions, there are potential pitfalls and limitations that should be considered when designing a SL project. One potential pitfall to consider is safety. This review will focus on microbiology SL projects, which include additional safety concerns. If a project involves working with live microbes, special safety procedures should be planned and implemented. Another potential pitfall is having one-sided partnerships. It is important that projects are designed so that both the students and the community partners benefit from the project. Liability is also a potential concern in SL projects, especially when sending students into the community. While most pitfalls of SL can be easily planned for, they should be considered during the planning of SL projects so that potential problems can be sufficiently prevented.
SL IN MICROBIOLOGY
SL has been used across many disciplines including the sciences. There have been various types of SL projects incorporated into a range of science courses including geology, chemistry, environmental science and biology. Projects have included studying health disparities in public health, teaching neuroscience to the community, researching watershed ecology, using research to teach scientific literacy to non-majors and helping elementary students with science projects (Cartwright 2010; Begley 2013; Dunbar et al. 2014; Curry 2015; Reynolds and Ahern-Dodson 2010, Northcutt 2016) . There are a variety of SL techniques that can be used in a microbiology course. Because of the content of microbiology, it is easy to imagine how material learned in the classroom can be used to serve the community. Many of these projects involve an attempt to increase public awareness and education about microbiology or infectious diseases. Community partners can vary, but include health clinics, elementary and secondary schools, community fairs, science centers and research institutions. Table 1 provides a summary of microbiology SL projects discussed in this review.
MICROBIOLOGY SL: EDUCATION
A common theme of microbiology SL is educating the community about infectious diseases. Public health is a vital component of microbiology and allowing students to have an impact on public health by educating others about infectious diseases allows them to see firsthand the importance of educa- Vrentas et al. (2011) MicroSafari: teaching the community about microbes through hands-on demonstrations Larios- Sanz et al. (2011) Volunteering at a local clinic and producing educational materials for common diseases Cain (2013) Hosting informational table at health fair and producing educational materials Kridelbaugh (2016) Project options; informational products, data analysis, crowdsourcing Abrahamsen (2004) Teaching science to middle and high school students, multiple sessions including designing and completing experiments Mika et al. (2012) College students partnered with middle school students to design and complete research projects Petersen (2011) Various projects individual students completed for honors credit Abu-Shakra (2012) Research project assessing the community's knowledge of Legionnaires' disease Cutucache et al. (2014) Students participated in research aimed to test water quality tion. There are various ways to involve undergraduate students in an educational SL project. Cain (2013) describes a SL project in which students enrolled in a microbiology course hosted a table at a community health fair. Student groups of two or three chose a health topic and designed a handout to give to health fair participants. The students also designed a poster to display at their table. Many of the groups went beyond the assignment requirements and further decorated their table to gain interest from those walking by, demonstrating their excitement for the project. Students involved in this project did not have higher grades at the end of the course but did report an appreciation for the opportunity to teach others. Students commented that teaching others helped them learn as well and made them feel like they were having a positive impact. Students also felt that the project helped improve their teamwork skills and public speaking (Cain 2013) . Larios-Sanz et al. (2011) also incorporated SL into a microbiology course by having students produce educational materials. In this project, students spent time volunteering at a local underserved clinic. During their volunteering, they kept a reflective journal identifying common diseases seen at the clinic. Student teams then chose a disease and produced educational materials (e.g. brochures or displays) on their selected disease. They presented their disease to the class as an oral presentation and had their educational materials displayed in the clinic for patients to have access to. This project enabled students to gain volunteering hours, learn about health professions, learn more about common diseases and educate others. Students participating in this project reported that it helped their communication, career plans, public speaking and teamwork. They also felt it helped them see the real-world application of the material they were learning in class and benefited the community (Larios-Sanz et al. 2011).
Another interesting community outreach SL program involved the creation of a MicroSafari in which community members were able to go to various exhibits and participate in handson activities (Vrentas, Zinnen and Huebert Lima 2011) . In this SL project, students presented the audience with a brief presentation discussing the detection of microbial life on a macroscopic scale (color, taste, smell, etc.). Participants were able to learn how microbes play a role in various aspects of our life and environment. The students participating in this SL project benefited by developing outreach talents by coaching, questioning and engaging the participants (Vrentas, Zinnen and Huebert Lima 2011) .
A common approach to education SL is to partner undergraduate students with younger children for teaching and tutoring. A project by Webb (2016) describes a project in which undergraduate students partnered with a local elementary school and taught the younger students about microbes and germ transmission. The undergraduate students designed lessons and handson activities to teach the elementary students. These lessons taught the younger children about microbes, handwashing, disease transmission, vaccines, etc. Undergraduate students participating in this project reported many positive outcomes. Students felt they learned more about microbiology and improved their team work and public speaking skills. The project also helped the students see the importance of volunteering and public health education. Many students also said participating in this SL project helped them clarify their career goals (Webb 2016) . Kridelbaugh (2016) incorporated SL into a general microbiology course by providing a variety of service opportunities to students. Some students created informational material about public health issues, while other students participated in research data analysis. Some students even had projects that involved crowdsourcing to fund medical projects (Kridelbaugh 2016) . A project at Bates College involved undergraduate students teaching middle and high-school students (Abrahamsen 2004) . In this project, the college students went to their partner classes an average of five times during the semester. These sessions involved the college students teaching lessons and guiding the younger students on the scientific method and completing an experiment they designed. Benefits were reported from all involved in the project. Both the college students and younger students reported learning more about biology and felt they would remember the material better than they would if they had learned it in a more traditional format. The teachers whose classes were involved in the project also provided positive feedback and felt it was a useful, worthwhile project (Abrahamsen 2004) . Mika et al. (2012) had a similar project in which college students partnered with middle schools to complete research projects. The partners worked on designing, completing, analyzing and presenting research projects. The college students reported an increase in their knowledge.
Most SL projects involved an entire course participating in the assigned project. There have also been projects where only a subset of the course participated in the SL project to receive extra credit or replace another grade. Petersen (2011) described a project in which SL was incorporated into a course as an optional project students could complete to receive honors credit for the course. In this project, students had individual SL contracts as opposed to having a class-wide SL assignment. Projects and community partners varied, but the success of this project demonstrates the possibility of having only some individuals in a course participate in a SL project (Petersen 2011 ).
Grading of education-based SL projects included having students write reflection papers, grading of materials produced and completion of SL hours. Teaching microbiology topics to community partners is one of the most popular trends in SL. Many people learn material best through teaching it, thus providing a benefit to college students charged with teaching others. These projects are also beneficial to their community partners by providing educational materials and spreading knowledge.
MICROBIOLOGY SL: RESEARCH
Another theme of SL in microbiology courses involves students assisting with research. In these projects, college students participate in research that involves or aims to improve the community's public health. One such project involved college students performing research to gauge the level of awareness in the community about Legionnaires' disease (Abu-Shakra 2012). In this project, the college students participated in a research project that surveyed the community to assess the awareness and knowledge of this disease. The goal was to determine if the public was knowledgeable about the disease and determine the best ways to educate the community. Future projects would then aim to educate the community using the methods determined to be best by this study. Many benefits to this SL project were observed. Students learned about Legionnaires' disease through working on this project and also reported a heightened commitment to the course. In addition, students were grateful for the opportunity to serve their community by educating the public about this disease (Abu-Shakra 2012).
Another research-based SL project involved students testing water samples for water quality (Cutucache et al. 2014) . Different groups of students, including students enrolled in a microbiology course, learned lab techniques and theories and applied them to real-life research. They analyzed the microbial growth of water samples and tested for antibiotic sensitivity. High-school students were also included in this project, resulting in exposure to a large research project where important data were collected. One of the benefits to this project was undergraduate students learning what is required to complete research projects. Students were able to take what they learned in the class and apply it to a research project that has a direct impact on the community (Cutucache et al. 2014) .
Although there are not as many research-focused microbiology SL projects, these types of projects have proven to be useful ways for students to use what they have learned in the classroom and benefit the community through research.
CONCLUSIONS
SL is a teaching method that is growing in popularity among colleges. In this review, the multiple benefits to SL were described. These benefits included improvements in learning, moral reasoning, attitudes toward class and self, teamwork skills, social skills and public speaking. While incorporating SL into a content-heavy microbiology course comes with its challenges, this review describes many successful microbiology SL projects. The most common theme of SL in microbiology courses involves educating others, often elementary or secondary school students. These projects benefit the students and also directly benefit the community by educating community members on public health and microbiology. Another common theme of SL in microbiology is the incorporation of research projects into the course with the goal of improving public health. SL has proven to be an interesting, impactful and beneficial component to microbiology coursework.
